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(57) Abstract: The dix*romigration; resistance of nitride capped Cu lines is significantly improved by controlling the nitride depo- 
sition condition to redact compressive stress of the deposited nitride layer (40), thereby reducing diffusion along the Co-nitrite 
interface, Embodiments include deposition a silicon nitride capping layer (40) on inlaid Cu ( 1 3 A) at a reduced RF power; e.g., about 
400 to about 500 watts and an increased spacing, eg., about 680 to about 720 mils, to reduce the compressive stress of the deposited 
silkon nitride Uyer (40) to >clow about 2 x l(F Pascals. Bmbodhnentt also include seonentially and contiguously treating the ex- 
posed plaaarized surface of in-laid Cu with a soft plasma cantoni ng NHt djkted with N>. ramping up the introduction of S1H4 and 
then initiating plasma enhanced chemical vapor deposition of a silicon uSSC capping layer (40). while matotaining substantially 
•nesajne pressure and N,fli>w rate d^ Bmbc^iments also include 

Cu dual damascene structures mimea m dteleetsta material 
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For two-Utter codes and other abbreviations* refer to the 'Guid- 
ance Note* <mCodesmdAjbb^^ at tit* begin* 
fUng of each negtdarUntt of the P&TCareUe, ' if.- " 
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METHOD OP FORMING NITRIDE CAPPED CU LINES WITH REDUCED 
ELECTROMGRATION ALONG THE CU/NTTRIDE INTERFACE 



! Tfce present invaxttai i relates id copper (Qi) and/or Cu alloy metallization in scmioondnctar devices, 
particularly to a method for forming reliably capped Co ox Co alloy interconnects, such as single and dual 
damascene structures fonnM Hie present invention is particularly applkau^ 

to manufacturing high speed integrated circuits having sttbmkron design features and high condiicdvity 
interconnects with unproved electromigration i 



10 

i The escalating requirements for high density and fjerformancc associated with ultra large scale 
integration sernic«miuctor wiring require responsive changes in mtercoimection technology. Such escalating 
requirements have been found difficult to satisfy in terms of providing a low RxC (resistance x capacitance) 
interconnect pattern with electnnnigraiion resistance, particularly wherein submicron visa, contacts and trenches 
15 have high aspect ratios hnposed by mbuaturfntfan. 

Conventional semiconduc tor devices comprise a semiconductor substrate, typically doped 
nwiUHaysta^ M 
integrated circuit is fanned containing a phir^ 

mterwiiilng spacing*, and a plurality of mterr r mne ct lines, such as bus tines, bit lines, word lines and logic 
20 interconnect lines. Typically, the conductive patterns on different layers; L*. upper and lower layers, are 
electrically connected by a conductive plug filling a via hole, while a conductive plug filling a contact hole 
establishes electrical contact with an active region on a senuconductor substrate, such as a sou^drain region. 
Conductive tines ate formed in trenches which typically extend substantially horizontal with respect to the 
seintoinducto Semfoonductrir 'clu^" ; 

more prevalent as device geometry's shrink to gubnitam levels. 

j A conductive phig fitting a via hole is typically formed by depositing an interlaye? dielectric on a 
conductive layer comprising at least one conductive jvutcrn, forming ah opening through the interlayer dielectric 
by conventional phctolithograiAic and etching techniques, and filling the opening with a conductive material, 
such as tungsten (W). Excess cOTdixxive material on the surface of the interlayer dielectric is typically removed 
by chemical mechanical rxihamng (CMP). One such method is known as damascene and basically involves 
fbrmmg an op Dual damascene techniques 

involve forming art opening comprising a lower contact or via hole section in communication with an upper 
trench section, which opening is filled with a conductive material, typically a metal, to simultaneously form a 
comtectrvejpfc^ 

High performance nucroproccasor applications require rapid speed of semiconductor circuitry. The 
control speed of semiconductor circuitry varies inversely with the resistance and capacitance of the 
mtercormecuon pattern. As integrated circuits become more complex and feature sizes and spacings become 
smaller, the integrated circuit speed becomes less dependent upon the transistor itself and more dependent upon 
the iiu^iconnection pattern. Miniaturization demands long mtercormects having small contacts and small cross- 
sectton* As the length of metal interconnects increases and cross-sectional areas and distances between 

•' i, .' • :! : !■ . i -1- • , 
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interconnects decrease, the RxC delay caused by the interconnect wiring increases. If to© interconnection node is 
routed over t considerable distance, eg., hundreds of microns or more as m subrnicron technologies, the 
interconnection capacitance bmita the circuit node capacitance loading and, hence, the circuit speed. As design 
rules are reduced to about 0.12 micron and below, the rejection rate due to integrated circuit speed delays 



sig nifican t reduces production , throughput and {pm?*** manufacturing costs. Moreover, as line widths 
decrease electrical conductivity arid elecnxmn^tei resistance become increasfcgly mmortant 



Qi and Cu alloys have received considerable attention as a candidate for replacing AX in interconnect 
metallizati ons Cu is relatively inexpensive, easy to process, and has a lower resiatrvely than Al. Id addition, Cu 
has improved electrical properties vis-a-vis W, rnaMng Cu a desirable metal for use as a conductive plug as well 

10 as conductive wiring. 

An approach to forming Cu plugs and wiring comprises the use of damascene structures employing 
CMP. However, due to Cu tiffiiaion mrough mterdielcctric layer materials, such as silicon dioxide, Qi 
mterconnect structures rpnst be encapsulated by a di ffus ion hmi& layer. Typical difrusion barrier metals include 
tantalum (T*\ tantalum nitride CT&N)> titanium nitride (fiN), titanium (Ii), tUanium-tungsten (TiW), tungsten 

IS (W), tungsten nitride (WN)» H-HN, titanium silicon nitride (RStoty tungsten silicon nitride (WSiN), tantalum 
silicon nitride (TaSuN) and silicon nitride for encapsulating Cu. The use of such barrier materials to encapsulate 
Cu is not limited to the interface between Cu and the dielectric interlayer, but includes interfaces with other 
metals as well. ( 

there are 'additional problems attendant upon conventional Cu mterconnect methodology employing a 

20 diffusion barrier layer (capping layer). For example, conventional practices comprise forming a damascene 
opening hi an interlayer dielectric, depoeihng a harries layer such as TaN, Iming the opening and on the surface of 
the interiayer dielectric, rilling the or*uing with Cu or a Cu alloy layer, CMP, and forming a capping layer on the 
exposed surface of the Cu or Cu alloy. It was found, however, that capping layers, such as silicon nitride, 
deposited by plasma enhanced cheuncal vapor deposition (PECVD), exhibit poor adhesion to the Cu or Cu alloy 

25 surface. Consequently, the capping layer la vulnerable to removal, as by pealing due to scratching or stresses 
resulting from subsequent deposition of layers. As a result, the Cu or Cu alloy is not entirely encapsulated and 
Cu diffusion occurs, thereby ; adversely affecting device performance and cecreasing the electrornigraticm 
resistance of u^Cfe or jCu a^ 

fo copendmg applied 4, 2000 (Client Reference No. B0984; 

30 Firm Docket No. 52352-646), a method is disclosed comprising treating the surface of a Cu ox Cu alloy layer 
with a plasma containing nitrogen (N*) and ammonia followed by depositing the capping layer in the 

presence of Ma in the same reaction chamber for improved adhesion of the capping layer to the Cu or Cu alloy 
interconnect This technique baa been effective in unprovtng adhesion of the capping layer. However, after 
former experimentation and investigation, it was found that capped Cu or Cu alloy interconnects, as in damascene 

35 and dual damascene structures; exhibited poor dectrcanigration resistance, particular in those cases wherein the 
exposed surface of me Cu or Cu alloy was treated with a plasma to remove a copper oxide surface film prior to 
deposition of me capping layer, eg., silicon nitride. Such poor electronxigretion resistance adversely impacts 
device reliability and results in poor product yield. 

In copending application Serial No. filed on (Oient Reference No. G0069; Firm 

40 Docket No. 50432-168) a method of plasma treating an upper surface of inlaid Cu or Cu alloy metallization is 
disclosed using; a relatively soft NHj plasma treatment heavily diluted with Na> ramping up the introduction of 

\ 4- 
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sOane (SO*) and then initiating plasma enhanced chemical vapor deposition (PECVD) while maintaining the 
same pressure during plasma treatment, SU, ramp up and silicon nitride capping layer deposition, with an 
attendant significant improvement in eiectrntugratian resistance, within wafer uniformity and wafer-to-wafer 
uniformity. 

Aa deatgtt' rales extend deeper hi* me 
partkularry critical therefore, the adhesion of capping layers to Qi mtetconneets and the accuracy of 
i for vertijiaJ metajbxation levels require even greater reliability. In addition, as the design rules 




For example, in 0.13 micron On technology, viaa typically exhibit a cross-sectional diameter about 0.15 
to about 0.18 micron. Topical damascene technology is schematically illustrated in Fig. 6 and comprises a 
lower Qi level. Htostraled l^ 

wittaaiiico*^ 1^ via process typicaUy 

involves a via etch through an oxide layer and a nitride layer, stopping on the underlying Cu Ml. An argon (As) 
P»eHsputto eUA is emplo 

Uponfiirtherexp«^ 
technology in the sutwnfcwm wgim^ 

alloy damascene are fee Vl-Ml and V1-M2 mterfaces. BlectromigraDon testing of the Vl-Ml interface was 
conducted by flowing electrons from M2 through VI into Ml lines, ElectromigrarJon testing of the V1-M2 
interface was co^ In die case of the Vl-Ml mterface, 

20 ciafrom^ra^v^ fothecase 
of the V1-M2 mterfece, e^ronDOgration voids are also generated at the Cu-nitride interface but away from the 
via, as « i h«PTwtic > lI y lltostratcd Pig. 8. ■'■■•!.£:■ 

Observations from such expraientation led to the conclusion that the electromigrarJon voids are 
generated at the Qi-nitride mterfece in both cases. Diffusion can proceed along the Cu-nitridc mterfece, the Cu- 
barrfer layer interface or by a grain boundary mechanism m the Cu damascene technology illustrated in Pigs. 6- 
8, the observations mdicated that the diffusion along the Owutrtde mterfece is the fastest diflusion path for 
eiectromferatw I 

Accordingly, there exists a continuing need for methodology enabling the formation of encapsulated Cu 
and Oi a^ih^ metalli»tio^ greater accuracy, reliability and electromigraoon 

resistance. There exists a particular amthram^ 

alloy lines, particularly in damascene strutfures, e.g., dual damascene structures formed in dielectric material 
having a low dielectric constant (k), with improved reliability and electranigrarion resistance along the 
Cu/capping layer interfaces. 



35 An advantage of fly present invention ia a method of mflnufarhmnj ■ ^i^^^, having 

highly reliable capped Cu or Cu alloy I 



Another advantage of the present invention is a method of manufacturing a semiconductor device 
comprising a silicon nitride capped Cu or Cu alloy interconnect member with improved eledromigration 
resistance along the Cu or Cu altoy/silicon nitride capping layer interface^ 
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Additional advwtages; and other fcetares o^ 
which follows and, in part, will becorne apparent to these h^ 

following or may be learned from the practice of the present invention. The advantages of the present invention 
may be realized and obtained as particularly pointed out in the appended claims. • 

5 According to (he present invention, flie foregoing and other advantages are achieved in part by a method 

of mamAchiifng a, semiconductor device, the method comprising: introducing a wafer containing inlaid copper 
(Qi) or a Co alloy into a chamber; treating an exposed surface of the CU or Cu alloy to remove oxide therefrom; 
depositing a sflkon nitride capping layer an be treated Cu or Cu alloy surface by plasma enhanced chemical 
vapor deposition (PECVD); and controlling conditions during PBCVD such tint the deposited silicon nitride 

10 capping layer has a compressive stress no greater than ebout 2 x 10 7 Pascals. 

Embodiments of the present invention comprise controlling PECVD deposition conditions, such as the 
RF power at about 400 to about 500 watts and the spacing, between the wafer surface and the shower head 
through which the gases are ejected, at about 680 to about 720 mils achieving a deposition rate no greater than 
' about 34A*ec. ' ' 

15 Bmbodimenta of the present invention further include a method of manufacturing a semiconductor 

device, ti* melho* sequential steps: (a) introducing a wafiar containing inlaid copper (Cu) or a Cu 

alloy into a chamber; (b) treating an exposed surface of the Cu or Cu alloy with a plasma containing ammonia 
(NHj) and nitrogen (Nj) in fee chamber at a pressure; (c) introducing aHane (SiH<) into the chamber; and (d) 
depositing a silicon nitride capping layer on the surface of the Cu or Cu alloy layer in the chamber at an RF 

20 power of about 400 to about 500 wans and a spacing of about 680 to about 720 mils, the method comprising 
conducting steps (c) and (d) while substantially matntnining the pressure used in step (b). 
Embodiineirlsof t 

alloy with a soft plasma comprising heavily diluted with N* and maintaining the pressure, flow rate and 
NHj flow rate throughout steps (c) and (d^ Embodiments of the present invention further include conducting 

25 step (c) in two stages. During the first stage (ct)> SiH* is introduced until a flow rate of about 70 to about 90 seem 
is achieved, typically in about 2 to about 5 seconds, followed by stage (cj) during which the SIH4 flow rate is 
increased to about 130 to about 170 seem typically over a period of about 3 seconds to about 8 seconds. 
Subsequently, a suitable RF power is applied, as about 400 to about 500 watts, to implement PBCVD of the 
silicon nitride capping layer, as at a thickness of about 450A to about S50X 

30 Embodiments of the present invention further include single and dual damascene techniques comprising 

forming an opening in an iritertayer dielectric on a wafer, depositing an underlying diffusion barrier layer, such as 
Ta and/or TaN, lining the opening and on the interdielcctric layer, depositing a seedlayer, depositing the Cu or a 
Cu alloy layer on the diffusion barrier layer filling the opening and over the inter layer dielectric, removing any 
portion of the Cu or Co alloy layer beyond the opening by CMP, leaving an exposed surface oxidized, and 

35 conveying the wafer into the deposition chamber for processing in accordance with embodiments of the present 
invention by treating the exposed surface of the Cu or Cu alloy layer with a soft plasma employing a relatively 
low NH 3 flow rate and a relatively high Nj flow rata, ramping up the introduction of SHU end then depositing a 
silicon nitride capping layer on the treated surfece, ;. 

Additional advantages of die present invention will become readily apparent to those skilled 1 in this art 

40 from the following detailed description, wherein embodiments of the present invention are described, simply by 
way of illustration of the best mode contemplated for carrying out die present invention, As will be realized, the 
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present invention is capable of otter and different embodiments, and its several details are capable of 

, *»« do «? V*T T** *| <U P artin S *■» *» present invention. Accordingly, the 

^mtDiwre^udriasiBi^ 

Brirf Btagfato of Bnadaa 

Kg*. 1-4 schematically illustrate BeqMentU phases ol a method to acooida^ 
the present invention. 

Hg.5.ilhi«iateaimw 

^ 6^ scbetoan^ainstiato a Ch 



10 The present invention addresses and solves problems attendant upon forming capped Ql or Cu alloy 

totertxmnt^ as with a capping Uyw^ Memodology in aooordsnce with embodiments of the 

present invention enables a significant improvement in Ihe adhesion of a capping layer such as silicon nitride, to a 
Gi«<*i»Hoytote^ert 

In addition, embodiments of (ho present Invention significantly reduce hillock formation, significantly improve 
15 electionxlgratia, resistance at thn Ovnllrlde interface, and significantly improve within wafer and wafer-to-wafer 
uniformity. As wnpkyed throughout this application, fee symbol Co is intended to encompass high purity 
elemental copper as well as Cu-basod altoys, suck sa Co almys «mta^ 
tin, line manganese, titanium, mBgnealum, dwwium^ 

20 



^* < ^^ n "I* 8 m i*"!?* down Into me deep snbmkren tango, such as about 0.12 micron and under, 

was found that conventional practices to forming a Cn totsreonnoct member to s damascene opening, e*. a dual 
damaaee^opamni o^^^ 

C«Oai«CtaiOfennod<lurfagCMP.Theutoc^ ^ 
presence of such a thin copper oxide surface film imdsaiisbly reduoes me adhesh^ 
siliamwtrine.tofteunderfytog^ Consequently, cracks are generated at 

me Cu or Qi alk^/cnpiw mtwlhce 

of such diffusion. The cracks occurring in the Cu or Cu alloy/copper oxide interface enhance surface diffusion, 
which fa more rapid than grain boundary diffusion or lattice diffusion. The sequential and contiguous soft plasma 

*! m ^Pf&"P**fr »l"tt*wl f n g sppHcatkm Serial No. _ filed on fOlent 

Reference No- CKJ0o*Fiim Docket No. 50433-16^'»esnlts to a significant toipmvemenl in electromlgrstion 
resistance and reduced hillock formation. The present invention constitutes a further refinement by significantly 
reducing electromigration failures and voiding at the Cu/nitride interface. 

The present invention addresses and solves the electromigration problem of capped Cu lines in Cu 
damascene structures, such aa those illustrated in Figs. 6-8, whereto voiding occurs at the Cu/capptog layer 
interface. I Upon conducting further exjierimentafion and investigation, ft was postulated that such rapid 
elecnx>dD*^;pama at the CnAOicon nitride capping interface stemmed at least to part from the high 
conuntssto soWof lb»^^ 



5- 
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III accordance with embodiments of the present invention, the electromigration resistance of the CU lines 
is umxoved by reducing the; difbafcm path along the Cta/sflicon nitride interface Embodiments of the present 
invention! 

that the sfliam itftride Uytr m The present invention ftmher includes 

5 controlling one or more variables during PBCVD so that the sflioon nitride capping layer Is d e pos it ed at a higher 
density. Ion reduction in stress reduces stress-enhanced diffusion along the Co-nitride interface and improves 
electromigratian reliability of the Cu damascene Interconnect structure. 

. Farther investigations revealed that the compressive stress of a deposited silicon nitride capping layer is 
aboiit8x l()^ Pascais. Embodiments of the present nrvtndon comprise controlling FECVD conditions so that the 
10 sillcoftniddec 

The objectives of me present invention can be achieved by, for example, reducing the RF power, as to 
about 400 to about 500 wans, eg., abont 450 watts, ahdAw tncrensmg the spacing between the exposed surface 
and shower head through which the gases ejected to about 66D to about 720 mils, eg., about 700 mils. Such 
deposition conditions ware found to advantageously reduce the deposition rate, as to a rate no greater than about 

15 34A/se&, by enabling stronger silicon-aitrogen bonding and increased density, as at a density of about X67 to 
about 177 gAanV.as well as reduced stress. Given the disclosed objectives and guidance of the present 
disclosure^ optimum PECVD corah turns can be determined in the particular situation. For example, suitable 
PECVD conditions were found to include a S1H4 flow rate of about 130 to about 170 seem, e>g., about 150 seem, 
a NH3 flow rate of about 250 to about 310 seem, e.g^ about 280 seem, a Nj flow rate of about 8,000 to about 

20 9,200 scan, eg., about 8,600 seem, in EP power of about 400 to about 500 watt*, e.g., about 450 watts, a spacing 
of about 680 to about 720 mils, eg, about 700 mils, to achieve a deposition rate no greater than about 34A/sec 

Embodiments of the present invention include reducing an oxide film on the exposed surface of inlaid 
Cu prior to depositing the sihean nitride capping layer hi accordance with the inventive method disclosed herein. 
Such preueatments can Include the use of a plasma ^containing H% and NH* and the sequential contiguous plasma 

25 treatment and deposition technique disclosed in copending application Serial No. . filed on 

I (Qkntreierenc^ 

Embodiments of the present invention include a process flow comprising sequential, contiguous plasma 
treatment and deposition steps while muiimhsmg the plasma treatment time and power but ensuring complete 
copper oxide reduction. In accordance wife embodiments of the present invention, the N 2 and NR* flow rate, as 
30 well as the pressure, is maintained at an essentially steady state throughout the process flow, including plasma 
treatment and sflicpri nitride capping layer deposition* Embodiments of the present invention comprise treating 
the surface of the in-kid Co with a soft Hr^ plasma employing a relatively low NHj flow rate and a relatively 
high Ni flow rate* which NH* and Nj flow rates. , 

m accordance with embodiments of the present invention, a wafer containing in-laid Cu having an 
35 exposed surface with a copper oxide film believed to be generated by CMP is introduced into a deposition 
chamber. A N a flow rate of about 8,000 to about 9,200 seem, e.g. 9 8,600 seem, and an NH, flow rate of about 
210 to about 310 seem, eg., about 26X1 seem, is established A pressure of about 3 to about 5 loir and. 
temperature of about 300*C to about 400 6 C arc also established. A plasma is then mitiated, as after about 10 to 
about 15 seconds, typically about 15 seconds, by applying an RF power of about 50 watts to about 200 watts, and 
40 the exposed surface of u^e m^ 

for about 5 to tout 40 se&^ie^ about 5bi aboWitS seconds. ; 

■6- 
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The present invention addressee and solves the problem of waface cofl temtnato i and surface reaction of 
inlaid Cu meftril^atta after plasma treatment, as with an Nfircontaimng plasma, thereby significantly 
. improving the integrity of the interface between the Cn mtmemmect and capping layer, e*. silicon nitride 

faTOtfwai^^ reduces the famatum of luTtocte, thereby further 
5 redudng dtrtnmugntioniaih^ and s(gnificanfly improves within wafer and wamr-to-wafer mufoian^. The 
present invention forther reduces clcctromlgra^ at the Cn/sflicon nitride interfecc by providing methodology 
enabling a significant reduction in (he omipregsive stress of the as deposited silicon nitride capping layer. 
Accordingly, the present invention enables a significant increase in device reliability, particularly in the 
submicron regime. ■ 
10 kac€orfan» 

after soft plasma treatm«t of the Qi surface to remove copper oxide, while substantially maintaining the 
pressure*'!^ Tto siH, flaw rate is ramped up to a suitable depositee flow rate, as in 

a plurality of stasia. For examine, S&H4 can be mtrotoiced during a first stage irntO a flow rate of about 70 to 
aijout 90 seem is achieved, 

15 suitable deposition flow rate of about 130 to about 170 scan, typically over a period of about 3 to about 8 
seconds. Deposition of u^ silicon nitride capping layer is then initiated by striking a plasma at a reduced RF 
power of abbot 40p to about 500 watts, e^ about 450 watt*, while mati.h*ii« g ^ increased spacing to a 
dstance of about 680 to 720 mils, ag* about 70Q mils, thereby enabling the deposition of the silicon nitride 

Pwi ^^*^f* *^* l ^ ci ^i l ^y !?^f ll, ^ rf °?! 9B PH?^ ,r *- ^f| lf «!» «? no aW» : "*«>i about 2 v 10 T Fatta0e. T*pu^NH 3 
and N, flow rates for silicon nitride deration include about 250 to about 310 seem and about 8,000 to about 
9,200 seem, respectively. 

The mechanism underpinning the significant reduction in electromigraiion along the CuMlicon nitride , 
capping layer interface is not known with certainty. However, it is believed mat by reducing the compressive 
stress of the as deposited silicon nitride layer and by inmnrving the sflicon-nitrogto bonding, the diffusion along 
the CuAOiccm nitride interfrce is aignificanUy reduced along with void fimnatfoo and electroniigratlon failures. 
In addition, it is believed that inaintaining substantially the same KH S and Nj flow rates and pressure tlirougbout 
me pneeaa flow, ie., uircugbottt plasma treatment and silicon dtrioc capprng layer d^mostton; enables utilfafiig 
steady state conditions while minimizing the tune and power at which the unconstrained Cu interconnect is 
errposed to elevated temperatures, m ao^Mi, the soft plasma treatment employing a high N, flow rate and tow 
NHj flow rate avoids sensitizing the clean Cu surface, thereby reducing its reactivity. Moreover, the slow 
mtroduefcm^ 

further preventing reactions which adversary f^^'kUyf^t^t^n 

Aprocessrtowofancmbodm 
Fig. 5 wherein f^Qtppit^tofa rime at which the wafer containing inlaid Cu metallization is introduced into 
a chare bcr of mi tiatian of step (a), which proceeds until point 1, During step (aX N, is m troduced to a flow rate 
of about 8,000 to about 9,200 seem, e*, b\600 seem, a*l NH, to ^ 
310 scan, e^, about 260 accm. The deposition chamber is started and maintained at about 400°, while the 
pressure is elevated to a suitable treatment pressure, 

Puiing ; step (b) between points 1 and 2, the wafer temperature reached about 300° to about 400°C, the 
40 treasure elevated to 'about 3 to about 5 Torr and a plasma minated, as at an RF power of about SO to about 200 
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watts. During gtep Q>% the exposed Co surface containing an oxide film is treated with a soft plasma containing 
for about 5 to about 40 seco^ 
Ate soft plasma trea^ 

pressure, step (c) Is faipfrmented, typtoOy in two stages (ct) and (c^ by ramping up the flow of S1H4 as 
S fflustrtledbyimeSO. IJuring stage (cO, SiEU is ramped up to an mtennodiats flow rate of about 70 to about 90 
seem, a.*, about 80 scan, typically over a period of about 2 to about 5 seconds, e.fr. about 3 seconds, while 
pressure and temperature are mamtateed. During stage (c*X th« SM4 flow nte fa increased to about 130 to about 
170 scon, cg^ about 150 seem, typically ova a period of about 3 to about 8 seconds, e,g^ about 5 seconds. The 
spacing is set at about 680 to about 720 aula, e.£, about 700 arils. At mis point, step (d) is implemented by 
10 applying an W? power of about 400 to about 500 watts, e>g M about 450 watts, to generate a plasma and deposit a 
silicon nitride capping U^er, %iicaEy over a period of about 10 seconds to about 18 seconds, e.g., about 14.7 
secor^asata The 
resulttegsfficxm 

via those produced by prior practices. 
15 Improved electzomigration resistance of capped Cu mtexoonriects formed in accordance with 

embodiments of the present mvetmon was confirmed by iognormai sigma measurements Lognormal sfgma is a 

incasure of spread todactromfer^ Higher signma leads to a lower projected BM 

lifetime at use corKunoua. Hie product BM lifetime is calculated by the following eqn: lifetime = 150% exp(- 

N*dgma) where TS0% Is Median tune to mfl (MTTF) and N « 6 for T0.l% failure rate and product factor of 
20 about jUjf; - 1 ; Thtaufore, higher values of sigma couM cause a significant degradation in projected lifetime due to 

the exponential dependence. /Die inventive process flow disclosed herein not only improves TS0% but also give 

a tight sigma, which leads to higher iro^d DM Wcu^ 

Cu Interconnects formed in accordance with embodiments of the present invention can be, but are not 

limited to, mterconn ects formed by damascene technology. Thus, embodiments of the present invention include 
25 forming an. interlay er dielectric overlying a substrate, forming an opening, eg,, a damascene opening, in the 

mterUyei dldettoic, d 

Advaiitap^ 

electroplamig or elettrolessiy plating the Cu. Typical aeadlayere mctude Cu alloys cemtaming: ma g nesium, 
aluminum, zmc, zirconium, tin, nickel, pft^!!'", silver or gold in a suitable amount, cg^ about 03 to about 12 
30 at%. CMP is then perfjormed such that the upper surface of the inlaid Cu is substantially coplanar with the upper 
surface of the interlayer dielectric. As a result of CMP, a thin film of copper oxide is typically formed. The 
exposed oxidized surface of the Cu is then processed in accordance with an embodiment of the present invention, 
thereby substantially elinunaung or significantly, reducing surface contarninadon and surface reaction and, hence, 
significant^ mdudng e 

., 35 j, -.: In accordance with embodmients W the present invention, the damascene opening can also be filled with 

Cu by PVD at a temperature of about 50°C to about 1S0"C or by CVD at a temperature under about 200°G In 
various embodiments of the present arvention, conventional substrates and interlayer dielectrics, can be 
employed. For example, the substrate can be doped manocrystalline silicon or gallium-arsenide. The interlayer 
dielectric employed in die present invention can comprise any dielectric material conventionally employed in the 
40 manufacture of semiconductor devices. Bar example, dielectric materials such as silicon dioxide, phosphorous- 
doped suWe-giass (PSOX boron-and prK^horiis doped silicate glass (BPSG), and silicon dioxide derived from 
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letracftyliathoailicate (TBOS) or sOane by PBCVD can be employed. The openings fanned in dielectric layers 
are effected by conven^^ 

Advantageously, dielectric nism^ 
the present taventfcm can cmnpilse dielectric materials with lower values of pennitiviiy and those mentioned 
5 above, in order to reduce fateiCTm^ 
*narcriafc vdt^ 

expressed herein is baaed upon the valueof (1) toa vaccmn. 

A wide variety of low* materials can be employed in accordance with embodiments of the present 
invention, both organic and inorganic. Suitable organic materials mdndo varioos poiy imMta and BCB Other 

10 suitable low* dielectrics include poly(arylimc)ether* poly(arylcne)ether amies* rnuylene-N. polyumdes, 
polywptoaka^ Other 
low-k materials suitable far use In embodiments of the present invention include TO,™ <HSQ4ased), XUC™ 
^^ff^ t^f^ffftffi M hy mx ai b u n polymer (each available from Dow Chemical Cb^ 

Midland; hift Qxmi^, a cartkm^ped afficon oxide (available from KoveDus Systems, San Jose, CA)i silicon- 

15 caibcm^ger^liydrogen (SiCQH) organic dielectrics, BUcWMarnond^ dielectrics, Hare m 9 an organic 
polymer, HOSP™, a hybrid aioloxane-organic polymer, and Nanoglass™ a nanoporoos silica (each available 
from Honeywell Electronic Materials) and hsiogaiHlnped (e^ f fluoruwteped) silicon dioxide derived from 
tetraethyl orthosOkau) (TBOS) and fluorine-doped sOicate glass (FSG). 

An embodiment of the present invention is schematically illustrated in Figs. 1-4, wherein similar 

2k reference numerals denote similar dements or features. Adverting to Fig. 1, ^™.«~m f opening 11, such as a 
^tsjaoxvfc 

11 can also be formed as a dual damascene evening comprising a contact or via hole section in communication 
with a trench section. A barrier layer 12 is derxisited, such as Ta and/or TaN, and Cu layer 13 is then deposited. 
Upon electroplating or elecfcoleas plating layer 13, a seed layer (not shown) is deposited on barrier layer 12, 
25 Adverting to Fig. % the portions of the Cu alloy layer 13 extending beyond opening 11 are removed, as 

by CMP4 As a result, a thin firm of copper oxide 20 ia famed on the exposed surface of the Cu interconnect 
member 13A. Hie wafer cwiralning the Qi meiaitizatfoi is then introduced into deposition chamber and 
processed Jn accordance wi^ 
A«*v^gtor%3,m 

30 Cu mtercormect member 13A having a min copper oxide film 20 thereon ts treated with a soft plasma at a 
relatively low NHj flow rate and a relatively high Ni flow rate to remove or substantially reduce the thin copper 
oxide film 20 leaving a clean, sensitized and highly reactive Cu surface 30. At this point, while inamtaining the 
pressure and NH, and N* fi<w rates, stcp^ 

to . i ' ' ;; : .. jj 

3S :^*i^»Hg-i 

while tn^in ta fi a m g a layer 40 is deposited on the deaned 

exposed surface 30 of Qi interconnect 13A having a reduced ccrnpresstve stress of no greater than about 2 x 10 7 
Pascals and a density of about 2.67 to about Z77 g^cm 3 . Another interlayer dielectric 41 is then deposited, such 
as a low-k material, th this way, a plurality of interlayer electrics and metallization patterns are built up on a 
40 semiconductor substrata and various interconnects are formed. 



Advantageously, tho inventive methodology enables a reduction elccfromimnfoi failures stemming 
from diffusion along the Oi/ebHooh nitride interface by providing methodology enabling the deposition of a 
silicon nitride layer having a significantly reduced compressive stress and increased density* In addition, in 
accordance with embodiments of the present invention, the amount of time and power during which die 
5 unoonstiamcd i in-laid Cu is exposed, thereby significantly reducing hillock formation and, hence, 
eiecoxnnigrBiion Mures. Moreover, the mterface between t^ 

» 'for«'q f ^ t^hf^ft n pftttfach which would otherwise adversely affect adhesion 

Uwebetween, and adversely mio^ 

interconnects for subsequent metallization levels and reducing electnmngFation failures* 
10 The present invention enables the formation of extremely reliable capped Cu and/or Cu alloy 

interconnect members by significantly reducing electromigratiofl mftures stemming from diffusion along the 
CWobcon nitride interface. In addition, the inventrve methodology significantly reduces sm&ce^con tammatinn 
and reaction products at (he interface between a plasma treated copper surface and silicon nitride capping layer 
deposited thereon, thereby enhancing me adhesion of the capping layer and reducing electromigration failures. In 
IS ad dinmy the ■'ejree e ni invfatiftn ' *rp^V * a' sj pn^tean| 'i red ujtfa m ^m hifldck 'ffftir mtifov heaion, s significant 
increase fin electromigration res ista nce. Conseqoeady, the present invention advantageously reduces capping 
layer peeling, reduces copper diffusion, enhances clectiomigmhon resistance, improves device reliability, 
improves within wafer and wafer-to- wafer imlformity, increases production throughput and reduces 
manufacturing costs. - 

20 - the present invention enjoys industrial applicability in the formation of various types of inlaid Cu 

mctaflgaifon interamnectmn patterns* . The -present invention is particularly applicable to manufacturing 

In the previous description, numerous specific details are set forth, such as specific materials, structures, 
chemicals, processes, etc., to provide a better understanding of the present invention. However* the present 
25 invention can be practiced without resorting to me details specifically set form, in other instances, well known 
processing and materials have not been described in detail in order not to unnecessarily obscure the present 
invention. . r ' > ; 

Only the preferred embodiment of the present invention and but a few examples of its versatility are 
shown and described in the pres^ invention^ 
30 various other oombmamma Bn4enviroiuntnts and is Capable of changes ornKwifteetjona within the scope of the 
inventive concept as expressed herein. 
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1. A method of maim fart m mf a semiconductor device, the method comprising: 
uurodudiigawafaconuui^ 

treating an exposed surface of the Cu or Cu alloy to remove oxide therefrom; 
deporting* sfflopn nitride capping layer (40) cm the treated Cb or Cu alloy surface (30) by plasma 

. cotitroDing ocmditkma during PBCVD such tot the deposited sOiccm nitride capping layer (40) has a 
oompre^rVestrra . 

Z The method according to daiml, comprising controlling conditions daring FECVD, such that 
thedqwsitedsih^nihTdelav^ 

3. TfeWme^aooctfc^ 

a plasma containing NHj and N2 to remove the oxide therefrom, and depositing the silicon nitride layer at an RP 
power of about 400 toabout 500 watts, a spacing of about 680 to about 7?0 mils and a deposition rate no greater 
thansboutMA/sec * '"■ ' *' ' 

4. The method sunmTting to daim 3, comprising depositing the silicon nitride layer (40) at 
a silane (SiHy) flow rate of about 130 to about 170 seem; 

a^u^non^ 

airtrogcn <Na)flow rate of abemt 8,000 to al)out 9,000 soon 

the wafer contains a dual damascene structure comprising a Cu or Cu alloy line in contact with an 
underlying Qi or Cu alloy via formed in a dielectric lay ex; and 
the dielectric layer comprises a inatfirial 

6. ,. The method according to daim ft r coinpiising the sequential steps: 
. (a) introducing the wafer into a chamber, 

(b) treating the exposed surfac* of tho Cu or Cu alloy with a plasma containing NH 3 and K a in 
the chamber at a pressure; 

(c) introducing S1H4 into the chamber, and 

(d) depositing die silicon nitride capping layer (40) on the surface of the Cu or Cu alloy (30) in 
the chamber, the method comprising amdncting steps (c) and (d) while substantially maintaining the pressure 
used in step (b> j ;. 

eieti (a) turtfaer comprises: v 

generating a N 2 flow rate of about 8,000 to about 9,000 scon; 
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generating an NHa flow rate erf about 210 to about 310 seem; 
!, elevating the temperature to about and 

stop (b)coinpriacs treating fa surface of the Cu or Co aDoy with the plasma containing NHj at 

5 an RF power of about 50 to about 200 watts and a temperature of about 300'C to about 400°Q and 

step (c) comprises the sequential stay s ? 

(c0 mtroducing SiHi at a flow rate of about 70 to about 90 aeon; and 

r i(ci) increasing the flow rateofaflai* to about 130 to about 170 s 

■ deposition of the silkim nitride capping layer (40). 

■ •; ,r:";:fj.--;i ;Mv|/ . ■ ' - . j : : \\ ■ ! . ; ' 

10 8. Amcthod of mawifactmtog asemloonductor device, the meth following 



(a) introducing a wafer containing a copper (Cu) or Cu alloy inteiconnect into a deposition 
chamber, mtroducing nitrogen (N*) at a flow rate of about 8,000 to about 9,200 seem, introducing ammonia 
at a flow rate of about ^0 to about 310 ac^ pressure; 
15 (b)generatmgapUsiM^ 
about 5 loir and temperatow 
ali^intercoimectwithap 

(c) gradually introducing sflane (SiHJ into the deposition chamber, while main t ainin g the 
pressure at about 3 to about 5 Ton, in the fouowing sequential stages: 
20 (ci) introducing (SiH*) mt a flow rate of about 70 to about 90 soon; and 

(oj) increasing the flow rate of SfflU to about 130 to about 170 seem; and 
(f) generating a plasn^ 
of siucon nitride^ 
about 720 nnTjwMle maintain^ 
25 layer has a ^ 
g/cm 3 . 

9. The method according to daim 8, comprising conducting steps (c) and (d) while maintaining 
the N 2 flow rate at about 8,000 to about 9J100 seem and while n^ 

about 310 seem, arid silicon nitride layer (40) at a deposition rate of no greater than about 34 A sec. 
30 , 10* The method according to elate 9 t wherein the water rompristw a dual damascene structure 



comprising a Cu or Cu alloy fine to contact with an underlymg Cu or Cu alloy via formed in a dielectric layer, 
comprising a dielectric material having a dielectric constant less than about 3.9. 
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FIG. 5 
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